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government procurement operasion, the U. S,
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ABSTRACT

Atmospheric spectral attenuation coefficients have heen
measured in ten narrow wavelength bands between 0.4 and
2.3 microns for a variety of weather conditions using two
overwater, sea-level paths of 5.5 km anna 16.3 km. The
wavelengths bands were chosen 50 as to avoid moiecular
absorption and were isolated by interference filters. A §0-
inch-diameter, high-intensity source anda 24-inch~diameter,
narraw-field receiver were combined to yieldrelative scat-
tering attenuation coefficients (o) as a function of wavelength
(\}. These were then scaled using values obtained at one
wavelength with a visual telephotometer. Log ¢ vs log A
curves shew a wide range of slopes and shapes, with a tend-
ency toward less slope in the infrared (indicating ihat o is
becoming independeni of A in the infrared). Some correla-
tion withrelative humidity was found {for relative humidities
greater than 70 percent. The anomalous slope reversal
hetween 1.68 and 2,27y is discussed, and a possible expla-
nation for the reversal is given as sclective scattering by
the aerosol at these wavelengths.

PROBLEM STATUS
This is a final repori ¢n one phase of this problem;
work is continuing on other phases.
AUTHORIZATION

NRI, Problem A02-.17
Project RR 004-02-41-5152

Manuvscript submitted May 22, 1961.



ATMOSPHERIC AT TENUATION COEFFICIENTS IN THE
VISIBLE AND iNFRARED REGIONS

INTRODUCTICN

Radiation passing through the atmosphere is subject to attenuation by molecular and
particulate scattering and by absorption. The absorption is caused by permanent gases
and water vapor and occurs predominately ai discrete wavelengths. Scattering on the
cther hand is more continuous with wavelength and occurs 1o some extent at all wave-
lengihe in the visible and near-infrared regions of the spectrum. Therefore, by isolating
narrow wavelength intervals between absorption bands one can measure the effect of scat-
tering with relative freedom from apsorption influences.

PROCEDURE

Atmospheric spectral attenuation coefficienis of the horizontal atmosphere were meas-
ured in ten narrow w.velength bands between 0.4 and 2.3 microns {x) through the use of
interference {ilters which isolated the cifferent bands. The wavelengths were chosen (o
be as free as possible from known molecular absorption. Two different over-waler paths
were used in the Chesapeake Bay area, a 5.9-kn path which was nearly parallei {o the
shoreline and a 16.3-km path which was entirely over water. The period covered by this
series of measurements extended from April 1989 to January 1850 and included cases uf
light fog, haze, and clear weather. The 2 percent transmission range™ (at 0.67u) encoun-
tered uver the 3,5-km path varied from 5.5 km tu 72 km and over the 16.3-km path il
varied from 37 km to 87 km. Relative humidities varied from 36 percent to 100 percent.

The light source was a xenon flash lamp (FT-503F installed at the focus of a 60-inch-
diameter reflector. The receiver consisted of an [/3.5 front-surfaced collector mirror,
24 inches in diameter, and a Newtonian diagonal mirror which was used te deflect the
beam to & 2-inch-square, uncooled, lead-sulfide photodetectior (Fig. 1}, The filters were
inserted in the focal plane of the mirror, and the detector was mounted behind the {focus.
The ouiput of the detector was displayed on an oscilloscope screen o which were read
peak deflections from the lamp pulses, which occurred at 30-sceond infervals. Reiative
transmission values werce obtained by comparing the signals received al each wavelength
over 5.5 or 16.3 km to the corresponding signals received on a “zero” (zero attenuation) run,
During a zero run an attenuation disk with radial slols was placed over the collector {o
compensate for the Sighal increase caused by bringing the source close to the receiver.

A 1000-{t path was used {or the zero runs. which were made only when the meteorological
range was greater than 32 km.

CALIBRATION
Method

The transmission ol tie atnosphere at 0.67, was measured using a visual telepho-
tomeive for the Koschmiceder method of contrast measurcement, as described by Cureio
and Durbin (1), The telephotometer consisted of & standard red-filterad Leods und Northrop

Pios s tite range over whioh the atmosphe vy transtailta oo 10 0 e e

H
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60" DIA MIRROR, /03

' FILTER .
FLASHTUBE No #7302

APERTURE / 24"DIA MIRROR, 7735

S o, 27 Pps CELL

Fig. 1 - Source-receiver system
(attenuation disk used for zero runs only)

optical brightness pyrometer fitted with a telescopic lens. It was used to meuasure the
brightness of a distant dark object, such as pine woods, and of the sky horizon. By con-
verting the brightness temperature readings of both objects to spectral radiant cmitiances
and substituting in the Koschmieder relationship, one oblains the transmissicn at 0.67.4 o
the woods (1), The transmission value at 0.67. was used {o scole the photoelectric rela-
tive transmission curve to one of absolute transmission. The absuiute transmission values
were then converied to attenuation coefficients for a 1-km path., At this stage, the cocffi-
cients were plotted vs wavelength and were then replotied after a sublraction of the com-
puted contribution due to Rayleigh scattering from 2ir molecules.

Filters

A composite curve of transmittance vs wavelength for all the filicrs used is shown in
Fig. 2. In the visible region the bandwidths at half peak trursmiliance average about 140 A
(14 my) for nearly parallel light. The filters for 1.6 and 2.3, have half bandwidths of the
order of 100 m,. Since the filters were used in converging iight, the bundwidths in prac-
tice were greater than the figure indicates. From measurewcnts ol spociral transmittance
vs angle of incidence it was found that the transmiticnce curve snitted 6 mye for one of the
visible filters and 3 mu for the 1.6, filter for on incidence or convergence angle ol 8 degrees.
The total average bandwidth at half peak transmiitance then becomes 20 m,: ior the visible
region and stiil of the order of 100 my for the infrared. The peak wavelengths of the two
infrared filters are not quite centered between the waler-vapor absorption hands but are
located slightly on the long wavelength side of center, resulling in an effective shift of this
side of the filter pass band dependent upon water content of the atmosphere. The data at
these points were corrected for this effect using the Passmai and Larmore (2) values for
transmissicn as a function of water content.

Methane

When the attenuation values at 2.27,. scemed to he consistently high we investigated
the possibility of absorption by other gases ia the 1tmosphere and found that Migeotte (3)
lists severial methane bands in this region: nameliy, at 2,20, 2.32, 2.37, and 2.43..
Accordingly, the transmissivity of methane was meassured in the laboratory using the PPh3
cell and Nlter combination. It was tound that 1 atme-cnr of niethane, whie) was equivaient
1o that which would frequently be encountered 1o o & S-km path, hat an rftecgive trans.
mittorce of 97 pereent ana “he can<smttance fop g 15 3-Kkm o guiyalent path was 91 e et
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Fig. 2 - Composite transmitiance curve for filters

used to measure atienuation cvuciiicients

The amounts of methane in the two paths were calcuiated using the ARDC model atmosphere
figure of 1.4 parts per million ¢f methane by volume (4). This would be a minimum value
for the paths used here because the Chesapeake Bay location has appreciable surrounding
swamp land, a suggested source of methane {5).

RESULTS

There are available a total of 37 measurement cvuns, which were obtained on 27 dif-
ferent days. The data from these runs are given in Table 1 which includes information on
tne precipitable (ppt) water content (column 2) and the transmission per kilometer {T/km)
at 0.67. (column 4) as measured with the telephotometer. In some cases of thick haze or
fog the transmission changed during a run. In these cases the transmissions before and
after the run were known and are given in column 4 of Table 1. The median value was
used for normalizing the data. The values of the coefficients listed in Table 1 for 1.68
and 2.27x contain corrections for water vapor and methanc absorption within the bandpass
of the filter., The contributicns due to Rayleigh scattering are included in the tabulaied
data and are listed separately at the end in case the reader desires {o eliminate this com-
ponent from the data. A majority of the runs were made using the 5.5-km path, the long
path being used from Oct. 26 through Nov. 30 only. The data corrected for waler vapor
and methane absorption, and including the Rayleigh contribution, are shown plotted as
scattering ccefficieni vs wavciength in Figs. 3 through 8, For convenience, the curves
were grouped as much as possible according te slope. For example, all curves in Fig. 3
are rather flat in the infraved. The lower three curves have uwreasingly steeper slopes
in the visible region. The slope of the bottor curve approscheg the siope of a Rayleigh
scaitering distributios, below 9.53,. nnn has ¢ flat portion which externds ity the green.
This behavior indicates an average parhcle size for 27 the soader iy is almost inde-
pendent of warelengih ¢l otber words, indicates thet the pavheles are Jarger than the
wavelengih of the ramntion,
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Fig. 3 - Scattering coefficient vs
wavelength including Rayleigh
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DISCUSSION
Scattering Coefficient Curves

Poinis on the ¢ vs A curves were connected by straight lines rather than by drawing
a smooth curve of best fit because particle scattering does not necessarily vary monoton-
ically with wavelength. However, most of the deviations of the points from a smooth curve
are probably due to accumulated errors in the system, including twinkle, fluctuation of
source output, and errors in reading the scope trace. The effect of twinkle is especially
noticeable in the data for clear atmospheres, namely, on Apr, 9 (Fig. 4) and Nov. 2 (Fig. 5),
even though the average of several readings was taken. The effect was measured on a
clear day and found to involve fluctuations of +6 percent based on the average of 5 readings.
This is believed to be the maximum variation due to twinkie.

The relative variation in the point at 2,27 does not seem to be due entirely to error.
In half the cases the value of the coefficient at 2,27, was greater than that at 1.68u. Such
a slope reversal does not occur this often at any other wavelength. In addition, the data
of Yates and Taylor (6) show the same behavior of this point, although with less regularity.
The reason for this behavior may involve weak absorption bands in the 2.2-x region. These
appear in the spectral curves of Ref. 6, one of which is reproduced as Fig. 9. At leasta
small amount of absorption is always present even for a path as short as 1000 feet. This
absorption as well as the high measured value of scattering coefficient at 2.27« are not
related to the absolute or the relative humidity, which would seem to rule out water vapor
as the causative agent. The only other known absorbing gas in this region is methane (for
which an approximate correction has been made). Therefore, if the phenomenon is due to
absorption, it is believed that it is not caused by either of the gases for which corrections
have already been made. Another possible source of the high scattering ccefficient may
be some sort of selective scattering.

00— 13— == 77
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Z .
W 80;- i
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~ 60;- “J,\
Z
o]
B 40 ' hl \‘\ ) Fig. 9 - Atmospheric transmission for a 16.25-km
5 i i\ : path as a function of wavelength {from Ref. 6 {show-
2 20 J V.\q : ing weak absorption structures in the 2 p region

) :
EA !
ol . J\JJ LN
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WAVELENGTH (MICRONS)

The amount of precipitable water contained in the path does not correlate with the
scattering, but there is some correlation of scattering with relative humidity (except at
the wavelength mentioned above). In Fig. 10 the scattering coefficient at 5600A (0.56. )
is plotted vs relative humidity (RH), For humidities of 70 percent or greater the coeffi-
cient depends to some extent on the relative humidity, Below 70 percent RH, however,
no dependency exists, which is in agreement with the findings of Junge (7), Wright (8),
and others, and bears out Middleton’s statement (9) that there is comparatively little
change in the radii of the nuclei with changes of relative humidity below about 70 percent.
Recently, Boileau (10)and Buma (11) have reported similar findings and in addition have
fouid an apparent discontinuity for relative humidities between 65 and 85 percent. Such
n di<continuityv is suggested hy the present data (Fig 10} but the cvidence is not strong

poech to sy it
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Coe fficient Ratios

One would like to be able to predict the attenuation at a certain wavelength or several
wav elengths by means of one or two simple measurements, The meteorclogical param-
eler-s scem to be of little help, but there is some limited correlation between coelficicnis
al various wavelengths. For example, Curcio and Durbkin (1) investigated the relationship
of the coeflicienis at three wavelengths in the visible region and obtained average values
for the ratios of the coefficients at one wavelength to those at another wavelength. A
similar investigation was made using the present data.

In Fig. 11 the attenuation coeificient at 0.47. is ploited against the coeflicient at 0.67,: .
The line of best fit would have a slope of +0.97 bui a line of slope +1 has been fitted to th2
dala for convenience. This curve gives an average relationship of v, 4, = 1.5+, ., . This
compares lavorably with the value of 1.54 obtained by Curcico and Durbin.

In Fig. 12 the attenuation coefficient at 0.56; is plotted vs the attenuation coefficient
atd. 67u, and by fitling the data with a line of +1 slope, which is within 4% of the slope of
xhe I>est-fit line, the relation derived is o ¢4 = 1.204 4, . Curcio and Durbin used 0.535:
anste ad of 0.56,, so no direct comparison can be made with their value of 1.32,

A similar plot, Fig. 13, was muade of the coefficients in the blue against those in the
gzreen resulling in a ratio of o, 4, = 1.25¢, . The degree of correlation of coefficients
~attwo differeni wavelengths depends on the closencss of the wavelengths. For example,
when an aftempt was made to plot coeflicients in the red vs those in the intrared, a rather
1 arge spreading of the points resulted, as shown in Figs. 14 and 15 (compare with Figs, 11
t 013 ). A best-fit line was not applied to Fig. 15 due {0 the wide spread in the data. This
spread is no doubt caused by the change in slope between visible and infrared regions and
t he [z ct that this change occurs only part of the time. On the basis of existing data there
seen: s 'o be little hope of reliably predicting infrared scattering attenuation from a Know-
legdge of the attenuation in the visible. The difficulty is illustrated very pointedly irn Fig, 6
b ythe> two carves of Sepl. 29 and Jan. 13 which cross at about 1.
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A discussion of these results in relation to estimated particle-size distributions is
contained in an NRRL report (12) and will not be discussed in detail here. Suffice it to say
that, in general, the acrosol on any particular day behaves, insofar as the variations of ¢
with A is concerned, like a two-component composite distribution, the main component
being described by a Junge distribution of the form dN/d log r = Cr-" and the other either
by a distribution similar to that of aerosols found in maritime air, or by a relatively mono--
disperse distribution contained in a narrow radius interval,
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